INTRODUCTION
Designers are continually being challenged to provide axial flow pumps that operate more efficiently, quietly, and reliably at lower cost. Key to building these machines is a better understanding of, and ability to predict their hydraulic and dynamic characteristics. Understanding and predicting these characteristics requires a detailed knowledge of the flow fields within the stationary and rotating passages of the pump. With the advent of more powerful computers, Computational Fluid Dynamics (CFD) is seeing more and more use in predicting the flow fields in both the stationary and rotating passages of turbomachines.
Lakshminarayana [1991] provides a review of the techniques that are currently being used, as well as, an assessment of the state of the art.
Most of the previous work in the area of axial flow machines has been for compressible flow, and was driven by the gas turbine industry. Adamczyk et al. 1989] , and Furukawa et al. 1991 are typical examples. Examples of incompressible studies of axial flow machines are Yu et al. [1995] , Yang [1995] . In both cases, compressible and incompressible flow, the solutions have been obtained using codes that are developed in house, using meshes that have in excess of 100,000 nodes, and are run on super computer plat-*Corresponding author. Tel." 410-293-6527. Fax: 410-293-2591 Due to symmetry, only one of the blade passages needs to be analyzed. Figure 3 illustrates this blade passage with the appropriate upstream and downstream extensions. This becomes the geometry that is modeled in the rotating reference frame using FLOT-RAN. At the inlet to domain the axial velocity is a constant based on the through flow for the pump. The absolute tangential velocity at the inlet is zero, which implies in the rotating frame the relative velocity is -reo, and the radial velocity is zero. The inlet to the solution domain is located approximately six chord lengths upstream of the blade leading edge. The only specification made at the outlet is that the static pressure in the absolute frame is uniform and set to zero. The code converts this absolute condition into the appropriate relative pressure automatically. This condition is applied roughly eight chord lengths downstream of the blade trailing edge. Periodic boundaries are used upstream and downstream of the blade leading and trailing edges, respectively. For the rotating solid surfaces all of the velocity components are set to zero. This includes all the surfaces within the blade passage, the nose cone portion of the hub upstream of the blade leading edge, and short section of the hub, 20% of chord length, downstream of the trailing edge. The shroud surfaces upstream and downstream of the blade passage, and the reminder of the hub downstream are stationary in the absolute reference frame. In the rotating frame they are treated as moving boundaries with the axial and radial components of velocity set to zero and the tangential component set equal to -roeo for the shroud, and -r o for the hub. caused by the presence of the nose on the hub. Also, the retarding influence of the shroud is much more pronounced. The tangential velocity shows a more pronounced preswirt, approximately 3 times the amount at the upstream location. This is caused by the shroud which rotates with the impeller. Figure 6 gives the results of the downstream comparisons. The axial velocities agree to within 2.5% from the hub to the shroud. The axial profile shows the flow shifted back towards the hub leaving a deficit at the shroud. The computed results for the tangential velocity show more uniform turning of the flow than the measured results. At the hub and the shroud the tangential velocities show good agreement, differences midspan are as large as 14%. However, the shape of the tangential velocity profile from hub to shroud is captured by the computed results. The flow angle results reflect the same differences that were seen in the tangential profiles. Maximum difference in flow angle between measured and computed results is 6 Both the shape and the magnitude of the static pressure profile are correctly predicted. The maximum error is less than 10%. The computed total pressure correctly predicts the shape of the measured profile. The differences in the magnitude are 0.5 due to the differences that where seen in the tangential velocity profiles. The over-prediction seen in the tangential velocity manifests itself in the total pressure profile. Still, the maximum error in the magnitude is less than 13%. Figure 7 gives the results of the mesh comparison. None of the plots show significant differences between the coarse and fine meshes. This indicates that it might be possible to use an even coarser mesh. The advantage of using the coarsest mesh possible is that it reduces the model generation and solution times. Economic and environmental factors are creating ever greater pressures for the efficient generation, transmission and use of energy. Materials developments are crucial to progress in all these areas: to innovation in design; to extending lifetime and maintenance intervals; and to successful operation in more demanding environments. Drawing together the broad community with interests in these areas, Energy Materials addresses materials needs in future energy generation, transmission, utilisation, conservation and storage. The journal covers thermal generation and gas turbines; renewable power (wind, wave, tidal, hydro, solar and geothermal); fuel cells (low and high temperature); materials issues relevant to biomass and biotechnology; nuclear power generation (fission and fusion); hydrogen generation and storage in the context of the 'hydrogen economy'; and the transmission and storage of the energy produced. As well as publishing high-quality peer-reviewed research, Energy Materials promotes discussion of issues common to all sectors, through commissioned reviews and commentaries. The journal includes coverage of energy economics and policy, and broader social issues, since the political and legislative context influence research and investment decisions. 
